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The research on the interaction between high temperature and viral
defense mechanism in Nicotiana benthamiana

XU Zhen-Peng , QIU Long , YANG Ting, LIN Hong-Hui, XI De-Hui
(Key Laboratory of Bio-Resource and Eco-Environment of Ministry of Education, College of Life Sciences,

Sichuan University, Chengdu 610064, China)

Abstract; To explore the interaction between temperature as environmental factor and defense mecha-
nism in the plant, we designed the experiment to research the action of Nicotiana benthamiana (Nb)in-
fected Turnip mosaic virus (TuMV)under different temperature conditions, to analyze the effect of tem-
perature to viral defense mechanism in the plant through a series of techniques of molecular biology. The
analysis of Western blotting indicated that the infection of TuMV was reduced at a high temperature
(30°C) compared with those under normal temperature (23°C) conditions. Moreover, salicylate hydrox-
ylase (NahG)-transgenic N. benthamiana plants exhibited higher resistance to TuMV at high tempera-
tures than the wild type plants. Further experiments of enzyme-linked immunosorbent assay showed
higher activities for some antioxidant enzymes and higher reduced glutathione contents in the NahG
plants at high temperature. The regulated jasmonic acid (JA) gene exhibited high expression under high
temperature conditions at the late stage of infection. In addition, key components of the RNA silencing
pathway were upregulated in the NahG plants. Taken together, these results indicated that high temper-
ature had significant effects on plant resistance and improved the tolerance of N. benthamiana plants a-

gainst TuMYV infection via RNA silencing and related phytohormone pathways.
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Tab. 1 Primers used for gqRT-PCR analysis in this study

Gene Accession F-primer R-primer
NbCOIl AYA428737 5'-TAAAGCGGCTCAGGAT-3' 5'-AAAGCACGGACACCAT-3'
Nb6PDF1. 2 X99403 5-TTGCTTGTCACGGCTAC-3' 5'-ACCGAAATTGGATACCTT-3'
NbWRKY3 KM510347. 1 5'-GCTACCAGCAAAGAAAGAGAG-3' 5"-AAAGGATGACCGAGTGAACAG-3'
NbDCL2 FM986781. 1 5'-TATGAAAACCATCACGAGGGTCTAC-3"  5-AAACTTGGGAATTATCACCAGGAAT-3'
NbDCLA FM986783. 1 5-TTTATCCCAACAACTTCTACGC-3' 5'-CTGATGACATTTGCTACACCTA-3’
NbAGO2 XM 019372526  5'-CTCCTTCACCACTCCCACAC-3' 5'-“TTCACGCACAAACACCTTGC-3'
NbRDR6 FJ966891. 1 5-“TGACGTGGCTTTTGATG-3' 5-TCTTGAATAAAGCATTGGCC-3'
NbPR4 S44869 5"-AATGGAGGGCTTGATTTAGATGT-3' 5-TTATTGTGGTTTTTTATGATGGT-3'
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Fig. 1 Effect of temperature on the development of symptoms in TuMV-GFP infected N. benthamiana plants and
NahG transgenic plants

A. Symptoms of TuMV-GFP inoculated N. benthamiana and NahG plants under 23°C and 30°C respectively. Images were obtained un-
der a UV light at 5dpi and 10dpi; B. Western blot analysis of TuMV-CP levels. “Mock” indicates plants mock inoculated with phosphate
buffer. Bars represent mean and standard deviation of values obtained from three biological replicates and use multiple comparison analysis.
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Fig. 2 Accumulation of ROS and MDA and activities of ROS-scavenging enzymes in TuMV-GFP inoculated N.
benthamiana and NahG plants under different temperatures

A, NBT and B, DAB staining, C, MDA content. D and E, Activities of ROS-scavenging enzymes and the content of glutathione in
TuMV-GFP inoculated N. benthamiana and NahG plants under different temperatures at 5 and 10 dpi. “Control” indicates plants mock inoc-
ulated with phosphate buffer. Bars represent mean and standard deviation of values obtained from three biological replicates and use multiple

comparison analysis.



% 44 By, 5. ZR AR KB 9m AL # a6 BF R

753

£ 23 ‘CALHR . 5 Nb AL, NahG ﬂﬂﬁl:ﬂjﬂlﬁ FUHI 5 BRI DO AR ER 23 C AR iy B

P B9 BRI IR L AR K A R S B I A AR ANV 55. Western blot 23t iEH T X —

E21E 3

1117 A S I DL A0 HH BEAE 30 °C AR BHA P L £ LI F? (I 1B) . 7£ 30 “CALHER . NahG Hig a5 &K re i H
RMET, BN EY BOEE R & (H Nb 5 NahG (9 (TuMV-CP) #1 2 & A1 XF Nb (% 5415 5 1 26

PFEH%EPE’\Jﬁﬁi’%‘ BT ERAE I R 23 CCARBER AR BLIAN .

A
- T
5 2 No-30C a a
o B2 NahG-30C 9
5, p @b O \Nb23C ¢
2 b B3 NahG23C -2
s 3
3 b :
b G c 3
2 |d o
s 2
[} S
® &
o
~~ 1.5
< @ \b30C 3
2 BA NahG30C L
c 0O N-28C § ] a .-
§ B3 NahG-23C § c ¢ ¢ c
@ s v
8
£ g %
5 @ 054 ? d
s 7
o 2 /
£ E %
o 9]
3 @ 0.0--4414 T
Ay
\$° ’b@b ($° @b é&o 0\06 (\\“0 @b
S Ff T S
B
— § 4
3 2 Nb-30C
e B2 NahG-30C &
5 O nNb23C ¢ 3
2 B3 NahG-23C -2
2 9 2
o =
. 5
S
©
& S o
\‘o\o@b o‘° & & > & &@ &
P& L& P «@ <
101 S 259

B2 Nb-30C §
BZA NahG-30CZ 5]
O Nb23C  §
B NahG-23C § 1.5

Relative expression (WRKY3)
5
1

Relative expre:
o
CJ
1

0.0-
L 8 & & L O L O
P S SO S A o‘\ & &L
[OdRNy [OEN [P\ [N [OdRN) < ‘\ [¢) ‘\ [N

A 3 TuMV-GFP 4489 Nb #= NahG ¥ JA i@ %48 % & B o9 £k 4]

A,COIl, PDF1. 2, WRKY3 il PR4 fE8:R0 555 5 d BUZ3Kk7K . B.COIl, PDF1. 2, WRKY3 #l PRA {E4£R05 55 10 d BE X

E2 Nb-30C
EA NahG-30C
3 Nb-23C
E NahG-23C

Nb-30°C
B2 NahG-30C
[ Nb-23C
E NahG-23C

22 Nb-30C
EZ NahG-30C
3 Nb-23C
[ NahG-23C

22 Nb-30C
EZ NahG-30C
3 Nb-23C
E NahG-23C

“Control” &7 Xf B FEFPBERR EL 2 0. HtR Bl Fem = A B2 P RAS 25 R 0 P B R bR o 22 . O34T 2 38 LU 4T
Fig. 3 Expression analysis of JA signaling related genes in TuMV-GFP infected N. benthamiana and NahG plants
A, Expression level of COI1, PDF1.2, WRKY3 and PR4 at 5 dpi. B, Expression level of COIl1, PDF1. 2, WRKY3 and PR4 at 10

dpi. “Control” indicates plants mock inoculated with phosphate buffer. Bars represent mean and standard deviation of values obtained from

three biological replicates and use multiple comparison analysis.
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Fig. 4 Expression analysis of RNA silencing related genes in TuMV-GFP infected N. benthamiana and NahG plants under

different temperatures at 5 dpi and 10 dpi

A, Expression level of DCL2, DCL4, AGO2 and RDR6 at 5 dpi. B, Expression level of DCL2, DCL4, AGO2 and RDR6 at 10 dpi. “Control”

indicates plants mock inoculated with phosphate buffer. Bars represent mean and standard deviation of values obtained from three biological replicates

and use multiple comparison analysis.
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